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two earlier papers dealing with the general subject the 
behavior tube-dwelling annelids the writer endeavored give 
some detail account experiments and observations made 
upon several species these worms available Woods Hole, and 
incidentally made reference few observations upon one the 
Naples species, Protula protula. During recent occupancy 
the Smithsonian table the Naples laboratory occasion was 
taken extend these observations several other species, and 
make critical comparison might practicable the 
behavior the latter with that the Woods Hole species. 
will noted that the present account less attention has been 
given details time reaction, various stimuli, etc., than before, 
and that behavior relation light has been emphasized. This 
was deemed the more important since was upon these species 
that some the earlier work concerned with animal heliotropism 
was done. may recalled, work already mentioned 
did not tend confirm these views; and was with 
view test them repetition the experiments that 
undertook reéxamine the subject. the following account 
will found the results and conclusions which observations 
have seemed warrant. 

The following are the species which have been used: Protula 
protula, Hydroides pectinata (Serpula Pomatoceras 
triqueter, and Spirographis The experiments were 
carried from January April 15, period three and one 
half months. Particular pains were taken vary the experi- 


— 
| 
4 
iat 
ig 
4 
4 
3 
q 
» 
— 
3 
— 
3 : 


CHAS. HARGITT. 


ments every practicable way, and under range conditions 
which would eliminate fully might errors inference 
based limited experiments faulty environmental conditions. 
Details these points will given later sections the paper. 


PROTULA PROTULA. 


This annelid very familiar element the fauna the 
Bay Naples. Its large size, often 175 mm. length 5-8 
mm. diameter, its fantastically coiled tube, and the brilliant 
orange-red gills which are splendidly displayed during expansion 
conspire make conspicuous object. The sensitiveness 
the creature differences light intensity, such that involved 
the intervention shadows, was one the first aspects 
behavior engage interest many years ago, some brief 
notice which was made early paper pp. 311, 314). 
These observations have verified again and again during the 
present series experiments. Careful comparisons many 
specimens their reactions reveal the fact marked individual- 
ity expressed the variability behavior shown from day 
day. not necessary into details this 
point. What has been pointed out the case Hydroides 
dianthus confirmed the case Protula. Certain speci- 
mens were especially sensitive and extremely active response, 
while others would show the very opposite; and was not un- 
usual find specimens which seemed totally indifferent 
shadow stimuli. Again, specimens might prove quite sensitive 
given time and very indifferent another. But let 
noted that some specimens seemed normally highly sensi- 
tive, while others seemed normally quite the opposite. Again, 
the retraction aspects behavior, that is, the time given 
specimen remained the tube after given contraction, was 
remarkably variable. some cases the emergence was rela- 
tively prompt, while others was extremely slow. this 
matter Protula differs materially from Hydroides, whose retrac- 
tion periods are usually and normally very often 
remained retracted for indefinite periods, often for one two 
hours time, marked contrast Hydroides. 

Tubular behavior Protula expressed the 
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form aspects the tubes noteworthy. early paper 
was shown figure which made this very graphic. less than 
the case Hydroides the tubes Protula show the record 
erratic behavior very striking manner. (Cf. pp. 
183.) During early life these tubes usually adhere very strongly 
and closely the base support; but maturity they often 
incline more less toward the vertical, though rather sinuous 
spiral direction, may even coil about each other and assume 


Fic. shows large colony Protula, with the upper part. 
The promiscuous curving the tubes very marked. 


downward aspect. This may seen most strikingly the 
large colonies these creatures always present the show 
aquaria the laboratory, where may also seen best effect 
the marked variability tubular behavior. Something 
this graphically shown Figs. and copied from photo- 
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graphs taken Dr. Sobotta, whose kind permission 
able present them here. will seen, the aspects the 
tubes and the openings through which the creatures protruded 
their heads are extremely diversified seem abso- 
lutely chaotic. one may distinguish any tendency toward 
given aspect position, still the departures are numerous 
render almost certain that single factor could have been 
determinative. the case Hydroides 180, etc.), 
Protula has its tubes convincing record the erratic 
individuality its behavior the significance which ex- 
tremely important. 

this connection may considered feature 
behavior more less unique, though not peculiar Protula, 
since has been noted several cases Spirographis; namely, 
that autotomy, the self-excision certain organs the 
body. This was first observed the case Protula. speci- 
men this worm was among the first come under observa- 
tion, having come table almost the first day the labora- 
tory. had been placed small aquarium jar the table 
for convenience study. After finishing given series tests 
the specimen was usually returned the large aquarium. 
January the specimen had been under observation and was 
left the table jar which had capacity about four five 
liters, while went out lunch. This could hardly have been 
more than hour so, but return observed what seemed 
strange—the detached portion about half the gill mass lying 
the base the tube. examination the gill failed 
reveal any signs disease other abnormality. first im- 
pression was that possibly the water had become yet 
other living things, such copepads, showed signs dis- 
comfort. However the water was renewed several times during 
the afternoon and the specimen finally left the table over 
night, had been done several times before. The following 
morning upon examining the jar found the other portion the 
gill the same detached condition, lying the base the tube, 
but the specimen was deeply retracted within the tube. After 
some time came the orifice and showed clearly that was 
entirely devoid gill elements. was now transferred the 


. 


| 
q 
q 
| 
q 
q 
q 
4 
4 


THE BEHAVIOR TUBICOLOUS ANNELIDS. 


large aquarium and left see whether regeneration would occur 
and what rate. For few days frequently came the 
orifice and extended the mantle edge over the margin the 
tube and remained that condition for some time. Later 
again withdrew deeply into the tube and did not show itself for 
several days, indeed for some three weeks more. Finally, 
February was once more seen protrude its head, but 
there was not the least sign any regeneration. Its appearance 
now became more frequent and occasion was taken test 
shadows, and surprise was found react promptly 
the very first. These tests were made many times subse- 
quent days with the almost uniformly prompt and positive re- 
action, but with the variations observed first, e., sometimes 
less sharp, and then more so, and occasionally not all. 

Several interesting questions arise this connection. First, 
the regenerative capacity Protula. For nearly two 
months not sign regeneration was distinguishable. had 
previously recorded the promptness with which Hydroides 
regenerated its gills, and similar records had also been made 
Zeleny. Finally March found undoubted evidence 
regeneration, and this went forward apparently rather rapidly; 
for April the new gills had become quite conspicuous— 
nearly fifth large the originals. may noted here 
that later had also similar autotomy another specimen 
Protula and two specimens Spirographis. these cases 
there could not doubt any condition water inducing 
the autotomy, for the specimens continued thrive, did 
many others the same tank. Regeneration was very prompt 
and rapid these cases. 

second point relation such correlation function 
would enable the creature during this long period gill 
deprivation maintain the normal respiratory activity. 
respitation were restricted the gills alone course must 
have perished. This experiment shows clearly that this func- 
tion may taken other organs the body without 
serious inconvenience. But the gills are also concerned the 
process nutrition, acting medium for capture prey. 
How might this function have beeen supplemented? has 
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been said that during this time the specimens remained rather 
continuously within the tubes. Did they depend wholly upon 
reserve food supply? 

may not possible answer these queries fully, but 
the correlation the skin the function respiration there 
was found that when the gills were excised test their 
relations sensory reactions the creature did not seem suffer 
any serious inconvenience respiration. the case 
Protula, there was evidence the effect that respiration was 
not normal during the long period gilless life. Bounhiol 
(1900) has reached similar conclusions from experiments 
Spirographis. finds that respiration takes place through 
both skin and gills, and that they supplement each other 
compensatory interaction. finds also that apparently 
easier for the gills assume extra work than for the skin, and 
that excretion CO, the skin normally excretes about three 
fourths the entire amount. 

the third place, there the interesting query the 
sensory function. have shown that for Hydroides light per- 
ception almost exclusively function the gills. Protula 
this not certain. Its behavior this respect less easily 
controlled, owing the sulking disposition the worm. But 
quite certain that autotomy did not result entire inhibi- 
tion reaction shadows and may not improbable that 
something sensory compensation may obtain this, the 
respiratory activity; possibly this sensory function may 
shared part with some other head-organ, possibly the mantle 
margin, which normal life often extended over the orifice 
the tube, hence position admirably adapted such function. 

Concerning the entire matter the significance autotomy 
little can said. Such phenomena, similar many respects, 
are well known among other animal groups, though not common 
any case, unless may include phenomena fission which 
very familiar feature many annelids; but this seems 
wholly different problem. That spontaneous, hence not 
attributable the operation gravity, contact, etc., seems 
very evident. 
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POMATOCERAS TRIQUETER. 

This, with undetermined species Serpula, are tubicolous 
annelids which much resemble general aspect size, structure 
and behavior, Hydroides dianthus. Indeed almost every par- 
ticular they might have been substituted for the latter species 
without marked changes results. general habitat the two 
species are much alike and often found growing the same sub- 
stratum. Pomatoceras rather larger, and its tubes are charac- 
terized rather sharp triangularity with the dorsal angle form- 
ing sharp crest along theentire tube. Noattempt will made 
into details matters behavior, since already 
suggested, they show the same reaction phenomena those 
given the accounts Hydroides dianthus, and the growth 
aspects are quite erratic. For the most part the tubes adhere 
closely the substratum, and some cases they adjust them- 
selves with such nicety grooves similar depressions that one 
might guess they were under the control some such stimulus 
thigmotaxis stereotropism. But when one comes examine 
any considerable number specimens soon finds that 
far the larger number there absolutely such adjust- 
ment. The same the case with Hydroides. Now and 
specimen may found shell Pecten which there 
very fine illustration such appearance, the creature having 
kept very closely and exactly the radial grooves the shell. 
But the same shell may now and then found another 
specimen which has grown directly across these grooves; and 
course far the larger number have absolutely semblance 
such response. The conclusion therefore forced upon one 
that the operation any such factor must be, not wholly nil, 
yet only incidental significance behavior. 

Again, habitat one finds the Mediterranean species the 
same wide range asin those Woods Hole. dwelt upon 
this point with some emphasis former paper pp. 
and need only refer the matter this connection 
way further emphasizing point which regard considerable 
significance. The growth these organisms indiscriminately 
large variety substrata, rocks, shells—the latter both 
dead and living—nets, crabs, lobsters, etc., itself small 
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import the negative influence such factors light, 
gravity, etc., relation growth. This further borne out 
attention the aspects the several tubes which may com- 
prise given colony. several such actual count the 
growth direction was made. stone which contained 
living specimens found that had general upward direction; 
had just definite downward course; and had hori- 
zontal direction. Another colony growing the inside 
iron cup about cm., made eleven specimens, 
showed the following disposition direction: upward, 
directly down, and horizontal. the outside the same cup 
were eighteen specimens disposed follows: upward, down- 
ward, and horizontal. These plainly confirm the con- 
clusions already drawn, that the matter orientation one 
utterly unable discover the operation any one several 
factors which are any sense determining. 


PECTINATA. 


This species and the one described the following section, 
Spirogaphis spallanzanti, were the ones used Loeb his well- 
known experiments Naples many years since, the results 
which, including also several species hydroids, served 
basis for his far-reaching theory animal heliotropism, especially 
relates sessile animals. Naturally, therefore, more 
details will expected the following accounts than the 
preceding, and shall endeavor make explicit and definite 
records both methods 

Hydroides. pectinata (Serpula uncinata) one the most 
common and abundant the Naples annelids. Unlike Spiro- 
graphis, grows usually immense colonies, aggregating hun- 
dreds perhaps thousands individuals. Fig. will give 
general idea their appearance small colonies. The tubes 
given colony form mass more less parallel aspect, the 
individuals apparently growing approximately the same rate 
and the same general direction. When one casually examines 
such colony would seem afford typical illustration 
orientation due some single constraining stimulus. But here 
again, the case cited above stereotropism, extended 
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observation brings light too many exceptions any such 
rule, and compels further inquiry. Like other species Hy- 
droides this one secretes calcareous tube, the shape which 
depends upon the mode growth the individual constructing 
it. Hence aspect, size, these become permanent records 
everyday behavior, whether this mechanical, ecological, 
physiological its nature. Several colonies were put under 


shows three colonies Hydroides pectinata which have been 


under light test for more month. will seen the curvings the tubes 
are much Fig. 


observation early January and were tested during period 
more than three months; more exact, from January 
April were tested the possible influence both 
light and gravity. Loeb claims that this species the reaction 
quite prompt. noticed that the course the next day 
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the which like Spirographis presented only their gills 
the light, bent them strongly 
Part I., 102), and continues, six weeks the entire 
block was covered with tubes which curved upward; not single 
individual had continued grow the original and 
presents figure illustration. There apparent discrepancy 
between the latter and the statement single individual, 
for the figure about many appear 
own experiments show reasonable conformity Loeb’s 
but the ratio tubes indicating reaction very much smaller. 
Figs. are photograph reproductions, and may therefore 
taken their face value, and they certainly fail show any 
such response claimed above. For example, was found 
actual count colony comprising hundreds tubes which 
had been under test for more than month that only about 
twenty tubes had definite curves toward the light, similar 
number had shown lateral curvatures, and smaller number 
had curved downward; but the larger number “had continued 
grow the original smaller colony which had 
been under test for twenty-five days under particularly favorable 
light conditions showed slightly larger response toward the 
light; but here also the number was relatively small. Another 
colony was placed aquarium which was covered three 
sides and above with black hood. After test nearly two 
months (January March 18), was found careful 
estimate from counting that most only about per cent. 
showed any possible light reaction; while far the greater num- 
ber either continued grow the original direction showed 
curvature laterally downward. The colony was submitted 
two others working the laboratory, Dr. Butler, University 
College, Dublin, and Dr. Williams, Miami University, 
Ohio, both whom made the per cent. light reaction much 
lower than own. 


very interesting and, believe, significant feature growth 
this species came light during the observations, namely, its 
very erratic, discontinuous character. individuals 
showed very prompt and rapid growth first and later its 
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cessation. this process rapid growth some show 
while others not. Again, some bend toward the light, others 
away from it, and still others continue the original direction. 
The point importance here not the bending curving, but 
simply the tube-extension. This extension not, interpret 
it, expression growth all, far the body mass the 
animal concerned. Seldom are aquarium conditions especially 
conducive physiological growth. What then does such tube- 
extension mean? worms lying side side, essentially 
similar age, state vigor, under identical conditions, show the 
most remarkable differences relation this matter so-called 
growth. One may the course week extend its tube 3-5 
mm.; another shows not the slightest extension its tube. One 
may extend its tube the line the body axis, straight, the 
other show sharp curvature from the first. There has been 
equal access food, air, light. Why has not growth been the 
same direction and amount? matter fact may 
doubted whether there has been any appreciable growth. Indeed 
may not these erratic phenomena express just the opposite, 
namely, lack growth conditions, some other factors conducive 
comfort? And then this erratic tube-extension but 
expression such discomfort,—an expression the efforts 
the creature seek better conditions, reach out, were, 
search food, air, etc. Indeed, interpretation cor- 
rect, these curvings are but the natural expressions efforts 
food-getting respiration—adjustments those particular 
ends involved survival selection. the light this 
interpretation the real factors involved these aspects be- 
havior are intrinsic and not extrinsic. The latter are conditional 
and passive; the former are individual, active, causative. 


SPIROGRAPHIS SPALLANZNII. 


This species differs most markedly from those already con- 
sidered that possesses very flexible tube, hence capable 
considerable range movement within region measured 
the radius its own length. large species maturity, 
averaging perhaps about cm. length, about cm. 
diameter. experiments care was taken have specimens 
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various sizes, and those actually used ranged from about 
cm. length. less care was exercised conditions 
under which experiments were conducted. Three the large 
aquaria supplied with running water were disposal during 


Fic. portion one the large show-aquaria containing Protula and 
Spirographis. The varied aspect the latter quite marked, will seen 
comparing specimens various positions. 


the period, and addition two special experimental aquaria 
smaller size, about also supplied with running 
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water, were employed for such experiments called for critical 
control light, etc. the large aquaria two were room 
with north exposure, and hence with diffuse light, but always 
adequate for ordinary observation and experiment; while the 
other was room with direct south exposure, hence with sun- 
light almost any degree intensity, modified shades 
screens. The two smaller aquaria were special room, the 
light which was under easy control, and the aquaria themselves 
easily adjusted any desired condition, amount and direc- 
tion light, etc. still further point worthy notice. 
all times had free access the large exhibition aquaria, where 
large numbers these specimens were living under conditions 
nearly natural the long experience and painstaking skill 
those charge have been able devise. shall have occasion 
refer this another connection. 

During the progress the experiments some fifty specimens 
were available, and the general health and vigor may inferred 
from the fact that the three and one half months not single 
specimen died even showed signs deterioration, except 
slight fading the brilliance coloration may have been indica- 
tive such. Care was taken supply food from time time, 
almost daily, such came from plankton hauls which were 
supplied the rooms quite regularly, and this may have con- 
tributed the excellent conditions health already alluded to. 

Spirographis seems take rather naturally the aquarium 
environment and soon becomes quite home far one may 
judge from appearance. Specimens require from two several 
days firmly attach themselves the bottom sides the 
aquarium. This accomplished adhesive secretion the 
worm which discharged through small pore the lower end 
the tube. The time required for attachment may varied 
having the bottom the aquarium covered with layer 
sand placing fragments rock contact with the base 
the tubes. While most cases the specimens attach themselves 
wherever they happen placed, which fortunate such 
experiments those under consideration, still not infrequently 
happens that specimen will through various translatory 
movements before finally settling down. may noted that 
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these locomotor movements take place usually during the night. 
This have demonstrated carefully marking locations and 
noting subsequent changes. time have found evidence 
these movements during the day. 

general experiments proceeded along the lines employed 
Loeb Arch. ges. Physiol., Bd. 47, 391), whose objec- 
tive aim was establish the essential identity heliotropism 
animals and plants, and his experiments were directed that 
end. Incidentally may observed that does not hesitate 
claim think have shown that the heliotropism sessile 
animals essentially identical with the heliotropism sessile 
And still later asserts even more strongly, was 
possible show that heliotropism animals agree every point 
may doubted whether, the light present knowledge, 
would seriously maintained. shall not discuss the mat- 
ter here further than say that own experiments were 
undertaken with very different aim, namely, that ascertaining 
the questions fact,—Are these organisms heliotropic? and 
further, they exemplify, conform the mechanical concept 
behavior? 

the following account shall present the matter under some 
three distinct series. First, those experiments made the 
aquaria located north room; second, those conducted the 
smaller experimental aquaria; and third, those conducted the 
large aquarium located room with exposure direct sunlight. 

The first series began January with some six specimens. 
these additions were made from day day, till the 13th 
had twenty, which had been variously distributed the two 
large aquaria, some with the heads directed away from the win- 
dows, others directed right angles, and still others facing the 
windows. The aquaria were about the same size, probably 1.5 
meters length, about cm. depth and width; the one 
with its end toward the window, the other with its side toward 
the light. was some time after specimens had become at- 
tached before any sign orientation was discernible. the 
aquarium (No. with the end directed toward the light there 
were twelve specimens, the other eight. The twelve had 
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been distributed that three should face toward each the 
sides the tank; e., three with heads directed toward light, 
three away from light, and six right angles, three facing each 
side. January all specimens were attached except one, 
which for some reason, perhaps injury, remained free during the 
entire course the experiment, hence may disregarded. 
this date the following the record orientation. The three 
facing the light continued that position, one which had 
assumed nearly erect attitude; the other two had barely ele- 
vated the head degree sufficient allow the gills clear 
the bottom the tank when expanded. Four specimens now 
face the wall, and all with barely sufficient up-bending free 
the gills from the bottom. The laterally directed specimens 
continued first, except that one had made distinct up- 
curve, the head elevated angle about degrees. 

February the record this tank follows: speci- 
mens facing light two are curved upward, one nearly vertical, 
perhaps 70°, the other about 45°, while the third remains 
before, and this spite the fact that direct light inter- 
cepted tufaceous mass bearing tubes Protula, etc. The 
four specimens facing the wall have made considerable change. 
One had rotated through arc about 100 degrees, now facing 
the side, and with head elevated about degrees. Another 
has also rotated nearly right angles and curved upward 
degrees. The other two continue unchanged. The specimens 
laterally disposed continue essentially before, except up- 
curve from degrees. The record for this aquarium 
February follows: Five specimens are now facing 
the wall, three continue face the light, while the others con- 
tinue essentially before. 

The following records the behavior the other aquarium, 
which may called number two, are interesting. this were 
placed eight specimens, two which were suspended head down- 
ward, and this position they attach themselves and continued 
for many weeks. The others were located with heads pre- 
dominantly toward the wall, away from source light, 
only one facing light. this tank but little sign light reaction 
distinguishable. The specimen originally facing the light 
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later curved the wall and remained that position during 
the entire time, while one the specimens placed facing the wall 
later curved toward the light side. 


Fics. illustrate certain aspects specimen which was stispended 
head downward. shown the first.indication change position; further 
change shown this curvature has reached its limit that form and 
continued thus for several days, oscillating somewhat from side side, but with 
evidence reaction light. the sickle shape converted into the loose 
spiral, which likewise continued for some days essentially shown diagram; 
the others, there was shifting and change but with relation light. 
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The most interest attaching this experiment the behavior 
the specimens suspended. For several days both remained 
hanging downward. Finally one began curve, and directly 
graduated process assumed the aspects shown the dia- 
gram figures and the entire course the experi- 
ment there was not the slightest indication light response, 
nor indeed was there more geotropic character. The final 
attitude was that indicated 

The other suspended specimen attached itself the side 
the overflow tube, and has head down, without appre- 
ciable change aspect, the tube remaining almost perfectly 
straight from first last. Both specimens seemed equally 
ease, both equally active; but the one passed through the series 
tubular contortions, the other remained absolutely indifferent. 
Incidentally may remarked that specimens are often found 
nature attached the under surface bottom boats 
other substrata, much like barnacles other sessile organisms; 
and hence must admitted that there nothing especially 
unusual unnatural such attitude. That the behavior 
the one differed from that the other not more strange 
than that differences likewise appear between others. 

Special Aquaria.—The second series experiments were con- 
ducted two special aquaria, mentioned above, and were 
prompted two considerations First, the apparently negative 
character the experiments began and carried forward the 
large aquaria. had seemed one should have more prompt 
and convincing results than appeared the account just given. 
Secondly, was desirable have aquaria size and adjust- 
ment which made possible ready and effective control all 
times, with such variation tests seemed desirable. Hence 
these smaller aquaria already described. They were set 
room whose light and temperature were under easy control, and 
were themselves size which enabled one shift the position 
any time might seem desirable. occurred that 
possibly the fact that the first series the light had been diffuse 
rather than direct might have resulted the somewhat negative 
behavior already noted. Again, seemed desirable able 
control both the direction and intensity the light. Ac- 
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cordingly the special aquaria were made use of, and the following 
account based entirely upon the behavior under the new con- 
ditions. were used for the definite purpose making 
one control the other. That is, given identical conditions 
temperature, food, etc., will the mere difference direction 
intensity light show itself such measure warrant 
conclusions? 

This series was begun January with twelve specimens, 
eight being placed the experimental tank, and four the 
control tank. The bottoms the aquaria were covered 
layer rather coarse, black sand facilitate attachment, and 
the same time render any access light from the bottom 
impossible. The test tank was covered three sides and the 
top with opaque hood, painted black the inside and 
adjusted render inspection easy without disturbing the 
specimens. this tank the eight specimens were placed with 
heads facing away from the source light. Similar disposition 
was made the four specimens the control tank. about 
three days the specimens had apparently attached themselves, 
and January 19, four days after beginning, one specimen began 
upward curve. the several had shown such reaction 
and the 25th several had curved upward from 
degrees. the control tank similar responses began appear. 

January 25, ten days after beginning, the record 
follows: the eight specimens two have curved toward the light, 
two are nearly vertical, two face toward the side, while two remain 
planted. Essentially the same condition obtains the control 
tank. One faces the window, one nearly vertical, and two 
originally located. 

the end four weeks, February 11, three show apparent 
light reaction, two are nearly vertical, two remain facing away 
from light, and one shows indifferent curve laterally. The 
positions the control tank remain before. Repeating Loeb’s 
experiment this point, now rotated the aquaria through 180 
degrees, that everything was changed directly about. Con- 
ditions went before, the test tank receiving light exclusively 
from one end, the control receiving diffuse light from the room 
well the direct light from the window. February 25, 
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fifteen days after the aquaria had been the conditions 
are follows: Five specimens now face the light, while three 
face the opposite direction. But the five now facing the light 
three were placed the readjustment made the rotating, 
reversing the tank, that only two have actually shown 
possible light reaction. The three specimens which had been 
turned away from the window this reversal had not shown 
the slightest response. 

this time the aquaria were again reversed, that they came 
back the original positions. should noted that the 
control tank there had been change induced the reversal 
the position, the specimens all remaining before. 

Another aspect behavior may stated this connection. 
namely, actual downward curve several specimens. was 
first notice thought that possibly this might due the 
incurrent water, which happened the region one such 
case. However, was later observed that other specimens 
remote showed the same thing, and comparing similar con- 
ditions the exhibition aquaria was found have its counter- 
part there. Hence may regarded only another expression 
the individuality behavior which more less evident 
under all conditions. 

The experiments with these special aquaria were continued 
March 25, having thus been under operation for about ten weeks 
(January March 25), and have been the present position 
for exactly one month. During this time there have been inci- 
dental shiftings the part various specimens, bending this 
way that from time time, but only reversed later, 
counterbalanced opposite reactions adjacent specimens. 
These have been noted from time time during the course all 
the experiments, and are not considered orienting re- 
actions, but rather expressions the individuality behavior 
characteristic, believe, all grades animal behavior. 
They correspond what Jennings has designated re- 
actions; and the present instances probably relate food- 
seeking respiration. These statements refer directly 
conditions the darkened aquarium; but they are quite 
applicable those the control aquarium, and indeed, the 
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behavior the this, while differing various 
details, have shown striking similarity that specimens 
the former, well that the first series the large aquaria. 
remarked the outset, the entire series experiments have 
involved appreciable deterioration the health vigor 
the specimens. evidence this may mentioned the 
fact that one very young specimen among those used the 
control tank showed apparently continuous growth, having 
nearly doubled its original size. The growth this case seems 
have been real and normal, and not apparent was the case 
with Hydroides, mentioned previous section. 

Third March was found desirable change 
rooms the laboratory, and came into possession one 
admirably adapted light experiments. Advantage was taken 
this circumstance continue the experiments with Spiro- 
graphis under light conditions which were exceptionally good. 
the room were two large aquaria, one which devoted 
exclusively The aquarium was arranged with 
its side facing the window and distance about two meters. 
covering the back, ends and top the aquarium with 
black opaque screen, and with windows also provided with ad- 
justable shades, one was able directly control the light condi- 
tions will, source, directness and intensity. The experi- 
ment was begun with eight specimens, all which were placed 
with heads facing away from the light, and two others suspended 
head down attaching them the overflow pipe, 
the similar experiment series Other specimens were 
added few days later making total twenty comprising the 
experiments. before some two four days were required 
for specimens become attached the aquarium. the 
present case insure prompt and precise location several were 
secured given place putting over the terminal base 
the tubes small weight, such shell rock fragment. 
before the first indication reaction was the usual upward 
curve the oral end the tubes, enabling the creature freely 
expand the gills. This reaction has little, any, relation 
orientation movements, occurs usually all cases and under 
almost all conditions, whether light darkness. 
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one had assumed nearly vertical aspect. Others showed 
various phases orientation, from ten twenty, thirty, 
fifty degrees elevation above the bottom. 

April the following the record. Four specimens with 
gills directed more less toward the light; two with vertical 
attitude; three oriented right angles direction light, and 
facing darkest end tank; nine remain oriented original 
position, facing away from light. The two suspended speci- 
mens behave almost exactly the previous case; that is, one 
perfectly unchanged and the other curved away from the pipe. 
Thus after nearly two weeks half the entire lot remain abso- 
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March 25, ten days after the specimens were installed, only 
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Fic. end view experimental aquarium, the light coming from the 
right side the eight specimens shown only one facing the light, one 
vertical, the others facing the dark side tank. 


lutely unchanged; the others only five show any very clear 
reaction possible light stimulus. The experiments continued 
under daily observation until April 12, period one month, 
with final record follows: Four specimens show distinct 
curvature toward the light; nine show just distinct inclination 
away from the light, other words remain originally fixed 
except the slight curvature upward; two are almost vertical; the 
other three occupy positions right angles the line light. 
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The two suspended specimens continue before, one absolutely 
first, the other with definite crescentic curvature, but 
forty-five degrees away from light. Fig. from photograph 
taken Dr. Williams and gives good impression the 
orientation such specimens came within the view. 
taken from the end order show the relation the tubes 
light, which came directly from the right and into that side 
the aquarium. the twenty specimens only eight are shown, 
and these only one faces the light, one almost vertical, the 
other six incline very definitely toward the dark side the 
aquarium. 

will seen, nothing especially new has developed beyond 
what has been found connection with the earlier series. How- 
ever, since here the conditions light, temperature, etc., have 
been ideal the results not only confirm those already given, 
but render them more certain and conclusive. seems quite 
improbable that three series experiments directed single 
end should have given uniformly erroneous results; moreover, 
equally improbable that any error method should have 
vitiated all three series, varied these are shown be, and 
inspected they were several colleagues almost from 
the beginning. Nor possible that the matter season could 
have been modifying factor, for coincided almost exactly 
with that Loeb’s experiments. That light has been shown 
wholly negligible factor relation the behavior question 
has not any time been claimed. That has been shown 
have only minor influence believe the facts conspire render 
very certain. 

But are not yet done with the problem. his original 
account Loeb cited the behavior Spirographis the public 
aquarium tending confirm his experimental results the 
most have studied the problem this aquarium with 
especial care during the entire course own experiments 


and have found the behavior confirm experiments, the 
results will show. Let ‘be expressly understood that these 
large exhibition aquaria the best efforts many years have been 
directed render them nearly natural possible 
have such limited portions the sea; and the fact that some 
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their occupants have lived and thrived here for more than 
twenty-five years bears strong evidence the measure success 
the effort render them natural. these aquaria Spiro- 
graphis seems find fairly congenial environment, and thrives 
continuously health for many months. For the sake 
exhibition advantages the specimens have been planted, dis- 
posed such ways afford the display the gorgeous, flower- 
like gills the best advantage. Hence some are located the 
floor the aquaria, others the back and ends where rocky 
ledges afford suitable bases for their support. ought also 
said that order render these aquaria the best possible 
exhibition cages the illumination chiefly, and some case 
wholly, from above; while the room itself purposely kept dark, 
except for the light which diffuses outward from the aquaria. 
becomes important that reference the problem before 
this fact the source and direction light borne mind. 
the assumption the compelling potency light will 
clear that the case under examination there should fairly 
uniformly vertical aspect the various specimens, whatever 
may have been their original position. The following are the 
facts: From several attempts was determined with approxi- 
mate accuracy that this time there were about 150 specimens 
Spirographis the aquarium. These were disposed, men- 
tioned above, the bottom, ends and back the tank. the 
entire number about were more less vertical attitude 
with upward inclination, while were otherwise inclined, that is, 
they were horizontal inclining downward. The general facts 
are fairly well shown Fig. which photograph the 
aquarium made Dr. Sobotta, whose kind permission 
able use this connection. the specimens this 
adverse aspect slightly more than half were horizontally disposed, 
while the others, some specimens, exhibited decidedly down- 
ward inclination. The picture will afford excellent illustration, 
though not taken the time observations were made. 

Let now attempt analyze these facts and their bearings 
upon our may stated the outstart that gravity 
has little place the behavior. Loeb has concluded 
from his experiments, and own confirm his verdict. 
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Both experiments and nature there seems evidence 
its operation. Specimens attach themselves the bottoms 
boats, overhanging rocks, etc., and seem quite indifferent 
its influence. may therefore proceed consider the main 
question issue, namely, that light. 

the specimens having sub-vertical attitude about 
were the bottom the aquarium, which leaves this 
class among those located the back and end walls. other 
words, twice many the vertical specimens were located 
the bottom the sides. But let remembered that the 
total 150 specimens the aquarium about were planted 
the bottom while only were located the walls. Further, 
noted that those located the bottom must assume 
sufficient degree elevation afford free expansion the 
gills; those the walls this not essential. the other 
hand, the specimens which had assumed horizontal, 
downward attitude about were among the bottom specimens, 
while the other were among those attached the walls. 
Expressed percentages have the following: the whole 
number about per cent. showed more less vertical aspect, 
while per cent. showed otherwise, e., downward inclination. 
those planted the bottom about per cent. showed 
vertical tendency, and about per cent. were inclined downward. 
those the walls about per cent. inclined downward, 
while per cent. inclined toward the vertical. 

Now, how shall one interpret these varying aspects? Accord- 
ing theory, the rays light fall vertically from above into 
the aquarium, Spirographis directs its tube vertically upward, 
exactly stem grows vertically into the the case 
the light comes vertically from above, yet large per cent. 
the specimens fail direct the tubes vertically upward. 
wall specimens per cent. incline downward, are horizontal 
relation light. those the bottom the per cent. curving 
downward much smaller, but still too great explained 
merely incidental, the naive suggestion Here, however, 
where free-swimming forms easily disturb the orientation 
Spirographis, not perfect when all possible disturbing 
causes are avoided, aquarium used only for such experi- 
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Unfortunately for such explanation 
are rarely present this aquarium, the only specimens 
during observations being the slow moving little 
sea horse, Hippocampus, whose presence among the relatively 
colossal Spirographis could hardly more influence 
disturbing factor than few sparrows oak forest! 
fact specimens Hippocampus had been kept for weeks one 
the aquaria which special experiments were being made 
and would frequently attach themselves their delicate pre- 
hensile tails the tubes Spirographis but without the least 
evidence disturbance any sort. One often finds the tubes 
these annelids more less loaded with tunicates, sponges, 
hydroids, etc., but there was never any appreciable sign 
disturbance therefrom far their orientation was concerned. 

think must rather obvious that the behavior exhibited 
these creatures under the sub-natural conditions these 
magnificent aquaria conforms all essentials with that found 
the experimental tanks, and under both these tests there seems 
habitat. 

CONCLUDING REMARKS. 

The foregoing account, especially when taken part the 
more extended observations already repeatedly cited 
must make more less evident that far from affording any 
support the sweeping assumption the identity animal 
and plant heliotropism, based the behavior these organisms, 
strongly suggests, indeed one might not say warrants, the very 
opposite. One might even step farther and say that 
seems extremely doubtful whether the behavior Hydroides, 
Pomatoceras, Spirographis, any the tubicolous annelids may 
interpreted expression tropisms all. Without 
seeking any way discredit the possible light relation 
certain aspects behavior, may yet fairly doubted 
whether sustains any such determining influence has been 
claimed the exponents the tropism hypothesis. Indeed the 
facts which have been passed review show beyond reasonable 
doubt that relation these organisms can have but sub- 
ordinate and incidental place. seems perfectly certain that 
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there not that degree constancy, character reaction, 
orientation which would warrant tropic interpretation 
any sort. 

But the other hand let not inferred that behavior 
chaotic beyond scientific explanation. have elsewhere 
pointed out, reactions and adjustments relation food-getting, 
respiration, etc., are among the most fundamental all phases 
behavior. These creatures must live, hence must have food; but 
they are sessile, and therefore must utilize such may come 
within reach. Furthermore, they must respire, and hence must 
have room within which expand the gills. All this implies 
that such colonial species must necessity frequently resort 
movements readjustment directed the above imperative 
ends. most these creatures happens that one and the 
same organ involved this dual function food-taking and 
respiration; fact some significance simplifying com- 
plicating, according condition, certain phases behavior. 
the writer seems probable the point certainty that 
the aspects behavior which have been under review are chiefly 
but varied expressions these common functions. other 
words, they are aspects adjustment the complex struggle 


for existence—varying modes which each species has worked 
out its own special problem life. 

the light this mode interpretation the complicated 
serpentine torsions the tubes Hydroides and Pomatoceras 
movements”’ 
one might expect. Likewise the bending aspects the 


flexible tubes Potamilla and Spirographis are not mysterious 


are the most natural expressions just such 


enigmas over which students behavior need array themselves 
warring camps, but rather the simple expressions those 
individual adjustments called for the varying struggle 
life, the interpretation which Huxley would have found 
necessary only “trained and organized common 

quite aware that speak individuality, autonomy, 
spontaneity factors involved problems animal behavior 


ae 


may some exponents mechanism seem 


and significance only the psychologist. But have 
earlier pointed out, they are facts, and they bulk large the sum 
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total animal economy and behavior. recognize them 
facts not imply thereby their explanation; but does 
imply that they are less entitled recognition and explana- 
tion than any other classes facts with which have deal. 
Facts are sometimes characterized ‘‘stubborn they 
have ways their own; they are tenacious life; and sooner 
later will compel respectful attention and explanation. 
well known, his matchless account the behavior earth- 
worms Darwin did not hesitate employ terminology which 
frankly assumed the presence these creatures nervous and 
psychic factors. While may not easy prove that anne- 
lids have high degree intelligence, the other hand who 
essays prove that intelligence has part whatever their 
behavior will hardly have easier problem. 

time has the writer questioned the important relations 
physico-chemical factors the phenomena life and behavior. 
Further, has not questioned the possibility the correla- 
tion these phenomena under physical laws, much recog- 
nize that phenomena electricity and magnetism and gravi- 
tation are conserved under other natural laws. But this 
means implies that these latter species energy have not 
own special laws, some which are already known while 
others have thus far defied definition and correlation. So, 
the matter under review, what has questioned the very 
different postilate, that known properties chemistry physics 
any their known interactions afford adequate definition 
and explanation all the facts; that known physical laws, 
applied the sponsors mechanism, are convincingly 
sufficient. against the arrogant assumption that fact 
explained till cast into some physical mathematical formula, 
that protest has been iterated. directing attention the 
possible interaction well-known psychic factors behavior 
there merely the plea that similar recognition given them 
the former and, suggested above, they included 
the category behavior calling for explanation. However 
independent unrelated may appear certain their expressions 
not assumed that any scientific sense they are mutually 
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exclusive, nor that the one class phenomena are any less 
related causal antecedents than the other. But main- 
tained that while some cases these antecedents may known, 
and lend themselves direction and control, others they 
are yet absolutely unknown and more less beyond pre- 
diction control. And furthermore, believed upon experi- 
mental evidence that certain aspects behavior may more 
less variable under any given set antecedents conditions; 
other words, given stimuli not always evoke the same response; 
fact, much behavior indeterminate terms existing 
knowledge. But far from implying reactionary attitude 
toward the value and importance continued experimenta- 
tion, the writer would hold the very opposite. well that 
one pause now and then and take stock science well 
business. That problems behavior are complex beyond 
earlier anticipation goes without saying. The same must 
admitted every problem biology. Only the biological 
pessimist will find occasion contemplate intellectual suicide 
because finds the dogmas his science process revision! 
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THE DEVELOPMENT THE GONAD AND GONO- 
DUCTS TWO SPECIES CHITONS. 


ROSE HIGLEY AND HAROLD HEATH. 


The later development the chitons has never been fully 
investigated, and the fragmentary observations that have been 
made relate almost exclusively immature forms very ad- 
vanced stages. Accordingly are present almost wholly 
ignorant the development the principal systems organs 
and their homologies. Many the more important questions 
relating these animals center the formation the 
and was with the hope throwing some light this subject 
that the present work was undertaken. 

The two species that form the basis this investigation} 
Trachydermon raymondi and Nuttallina are fairly abun- 
dant forms certain localities along the coast California, and 
owing their small size are readily sectioned. The free-swim- 
ming young! were placed aquaria together with fragments 
shells californica which they finally settled after 
partially completing their metamorphosis. They were then 
transferred small and protected tide pools where they devel- 
oped normally and several instances were allowed reach the 
sexually mature condition. Precautions were taken keep the 
young each species separate pools and was found that they 
travel essentially the same developmental path for long period. 
Distinguishing characteristics accordingly appear late, fact 
considerably beyond the formation the gonad and its ducts. 
understood therefore that while the figures are 
raymondi they serve equally well for thomasi. 

very early stage the heart and pericardial cavity are 
developed from cells, giving evidence being derived exclu- 
sively from the secondary mesoblast (progeny 4D), which 
forms irregular layer the postero-dorsal side the larva. 
relatively long period time then ensues, during which the 

breeding habits these species see Zool. Anz., Bd. XXIX., No. 12. 
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other systems the body develop practically the same con- 
dition the adult, before the gonad makes its appearance. 
When the primitive sex cells become recognizable they usually 
form two groups attached the anterior external surface the 
pericardium from which they appear proliferated. Very 
soon, rare instances the time their formation, these be- 
come closely appressed appear single though sections 
show them distinct for considerable time, frequently after 
the gonoducts have formed. Shortly after their appearance 
cavity forms within each group, and, with the growth the 
gonad, soon becomes more less triangular. later stages, 


Fic. Gonad and ducts Trachydermon raymondi. section through 
animal about mm. long. digestive tract; gonoduct connecting with gonad; 
liver; lateral nerve cord; shell. gonad and ducts mature 
animal, dorsal view. reconstruction same stage Fig. with 
ducts ending blindly; kidney showing reno-pericardial and external openings. 


generally about the point development represented the 
figure, these cavities gradually fuse, commencing the posterior 
end the gonad and progressing anteriorly. individuals 
slight groove may persist the ventral surface between the 
halves the gonad for considerable time, and few cases 
distinct cleft the anterior end the gland persists until the 
animal half grown. 

The aorta holds the normal position the dorsal surface 
the gonad, and there are slight evidences that portion 
the blood carries makes its way between the halves the 
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organ the solenogastres. all events there are signs 
distinct branches penetrating the gland the later stages. 

About the time the fusion the gonad cavities (when the 
length the body mately mm.), stage slightly 
earlier than the one represented Fig. each arises 
slender evagination the postero-lateral walls each half 
the reproductive gland. These grow rapidly, and contact 
with the pericardial wall proceed laterally and ventrally until 
they come contact with the ectoderm the mantle groove. 
the formation the outer opening the ectoderm cells appear 
evidently very short and transitory. 

later stages the proximal ends the gonoducts shift for- 
ward slightly, and are attached the dorsal side (Fig. the 
gonad close the mid line. During this process their walls 
thicken, and the height the breeding season there are signs 
secretory activity the part the component cells especially 
the neighborhood the reproductive organ. The eggs 
both these species are held the mantle cavity, and are loosely 
bound together possibly this secretion the oviduct. 

The only other observations. bearing the development 
the gonoducts are those who has made the claim that 
the young Acanthopleura echinata, mm. length, the 
gonad completely separated from the gonoducts that, slender 
diverticula, are connected with the mantle cavity and are ac- 
cordingly ectodermic. Granted that this the true state 
affairs echinata unprofitable for the present attempt 
correlate the two types development when only three species 
chitons have been examined this point. However, 
interesting note that several species California 
three millimeters less length the gonad and its ducts are 
attached and open the exterior. some species, such 
Ischnochiton magdalenensis, the ducts are highly glandular and 
possible, though appears improbable, that this 
glandular section ectodermic origin. 


Jahrb., Suppl. (Fauna Vol. 1). 
Heath, Zool. Jahrb., Bd. 21, 729. 
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ASTEROPHILA, NEW GENUS PARASITIC GAS- 
TROPODS.' 


JOSEPHINE RANDALL AND HAROLD HEATH. 


During the dredging operations the Str. Alba- 
tross the vicinty Japan (summer 1906) four specimens 
starfish, Pedicellaster sp., were taken that had been parasi- 
tized new genus gastropods. All were dredged the 
sea Japan off the coast Corea depths ranging from 150 
fms. (sta. 4,867) 163 fms. (sta. 4,861). one host three 
parasites occurred, while only one was present each the 
other three, but any event they occupied the 
the arm, and were attached connective tissue strands the 
body wall the vicinity the ambulacral ridge. noted 
more particularly hereafter, this species not put communi- 
cation with the exterior, the mouth and reproductive openings 
communicating with the body cavity the host. During the 
time that the brood pouch crowded with embryos the 
pseudollapium becomes accordingly considerably distended and 
tense, resulting the inflation and consequent thinning 
the body wall the host along the dorsal side the arm 
(Pl. Fig. Under such possible that 
the body wall the starfish finally ruptures, causing diminu- 
tion the pressure the pseudopallium which therefore dis- 
charges the embryos into the surrounding medium. After 
this process the break the body wall probably repaired, 
there are evidences that one the larger individuals has 
recently discharged its brood though there are signs 
rent the starfish arm. 

every case the body resembles form kidney thick-set 
bean, and varies size from two twenty millimeters, this last 
extreme being due some extent the large number embryos 
and the fluid which they float. The ovary and the embryos 
themselves are light yellow color due the presence yolk, 
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the liver light brownish shade while the other organs are 
unpigmented and more less translucent, especially the case 
the pseudopallium that life thin and transparent that 
the form and movements the larve may readily observed. 
may seen I., Fig. there are two openings into the 
body, one the mouth, corresponding position the hilum 
bean while the reproductive opening placed laterally up- 
wards thirty degrees. 

From various features its organization readily possible 
orient this animal and discover the axes the body. 
several other parasitic gastropods the body surrounded 
pseudopallium that appears development the snout 
adjacent regions the body. Growing upward has enveloped 
the body completely save one point, the reproductive and 
excretory pore. Considering the body proper, the foot seen 
exist the form small though broad wedge-shaped fold 
(Pl. I., Fig. covered with epithelium greater thickness 
than that surrounding the body generally. sections (PI. 
Fig. fairly conspicuous object owing its affinity for 
stains. Again, well-defined pedal ganglia and otocysts, located 
close proximity the foot and cerebral ganglia the opposite 
side the digestive tract, demonstrate the fact that the antero- 
posterior axis the shorter the roughly ellipsoid body, and 
that the transverse axis accordingly the longer. 

this species the degenerative processes have advanced 
stage where the mantle and mantle cavity have largely dis- 
appeared, and yet, though rudimentary, they maintain their 
typical relations. Since the mantle fold comparatively narrow 
(Pl. Figs. the cavity accordingly shallow, the 
mantle closely applied the visceral mass; nevertheless the 
epithelial cells bounding the cavity are not only higher than those 
elsewhere covering the body but they stain more intensely and 
are ciliated. the left-hand side the body the mantle border 
thickens considerably, and forms projecting ridge that con- 
tinues until the pallial cavity itself disappears. the smallest 
specimen the mantle and cavity are relatively larger and the 
mantle fold much more glandular, the gland cells being large 
and conspicuous. 
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noted preceding paragraph, the mouth opening 
borne the summit low papilla the mid entire 
specimens further distinguished from the opening into the 
pseudopallium occupying the center whitish area, up- 
wards mm. diameter the largest specimens, caused 
the compact feltwork circular and radiating muscles enveloping 
what probably corresponds the buccal tube. the immediate 
neighborhood the mouth opening the canal comparatively 
slender, 0.28 mm. diameter large individuals, and pro- 
vided with lining simple columnar cells whose distal portions 
contain small quantities faintly staining, vacuolated secre- 
tion. Behind this point large numbers small, irregularly dis- 
tributed pyriform gland cells appear imbedded the muscular 
meshwork surrounding the digestive tract, and their darkly 
staining ductules may traced intercellular openings the 
buccal pharyngeal epithelium, whose extent increased two 
symmetrically placed diverticula with short, stubby branches 
Fig. extending short distance into the surrounding 
muscle sheath. These paired glands probably correspond the 
ventral salivary glands other molluscs the buccal ganglia, 
connected commissure, are located their vicinity. 

trace radula exists. 

The buccal-pharyngeal tube with its enveloping glands and 
relatively short, probably not over mm. length, 
but spans well defined head cavity Fig. 3), which 
portion the other Curving gently 
toward the ventral side the body the tube leaves the sinus, 
and now devoid gland cells and with comparatively thin 
sheath longitudinal and circular muscles, passes back 
short distance into the body and unites with the main portion 
the digestive tract spacious cavity, lined with glandular 
occupying most the visceral mass not held the 
gonad and its duct. 

The pericardial cavity Fig. situated the anterior 
surface the visceral mass the right side. The contained 
heart consists single auricle and ventricle, both large size 
and highly muscular. The first-named receives the blood from 
broad sinus, which one hand passes from the liver surface 
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and the neighborhood the accessory reproductive glands the 
ventral part the visceral mass, and means another smaller 
branch takes the blood from the kidney. The aorta very short 
and leads directly into what may termed the head cavity, the 
large space surrounding the pharynx. From here numerous 
branches extend into the pseudopallium, liver and between the 
ovarian follicles. these the ones passing through the pseudo- 
pallium probably function the interchange gases there 
are traces ctenidia branchia. 

greatly compressed sac covering the anterior surface the 
visceral mass the right-hand side. Its inner walls are often 
provided with folds, varying size, projecting into 
the central lumen. The cells throughout are highly vacuolated 
and contain varying quantities some granular secretion that 
some locations present the form concrements. have 
been unable definitely locate any clearly defined reno-peri- 
cardial opening. shown II., Fig. the kidney 
invests the dorsal pericardial wall but there are, far 
have seen, mod.fied cells indicating nephrostome. The ex- 
ternal pore I., Fig. e’) situated the anterior face 
the visceral mass immediately below the margin the mantle. 

While the ganglia are fairly well defined and distinct the nerve 
fibers resemble closely the connective tissue and muscle 
bundles through which they make their way that very dif- 
ficult determine their course. The cerebral Fig. 
apparently associated with the pleural, are, the type specimen, 
situated asymmetrical position, being placed the right 
side the pharynx. From this nerve mass connectives extend, 
each side the pharynx, the pedal ganglia, large, closely 
appressed groups nerve cells placed symmetrically with refer- 
ence the mid ventral line. The cerebral ganglia likewise 
originate buccal connectives that, extending along the pharynx, 
unite with ganglia imbedded the salivary glands the dorsal 
and ventral side. The buccal ganglia are further united two 
commissures that form collar about the pharynx. the 
neighborhood the opening the reproductive system into 
the pseudopallium there large ganglion, probably the visceral, 
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that gives off strong nerve which may traced short distance 
posteriorly, and the opposite direction single connective 
leads from the cerebro-pleural ganglia, indicated 
Fig. various points throughout the body possible 
discover nerve bundles, but every case has been impossible 
determine their origin. 

the three animals examined there sign testis, 
though the seminal receptacle one individual contains con- 
siderable number spermatozoa. These last named elements 
possess almost spherical heads measuring approximately 0.004 
mm. diameter. Nuclei somewhat similar appearance may 
detected here and there the follicles the reproductive 
gland, but their close resemblance those the connective 
tissue cells renders the determination uncertain. self-fertiliza- 
tion does not occur this species difficult understand the 
method sperm transfer especially those examples where but 
one parasite occurs the host which completely envelops it. 

The ovary, occupying fully half the visceral mass, consists 
large number follicles united directly indirectly with the 
duct leading the exterior. mature condition the central 
portions each follicle are packed with fully developed ova, 
while numerous cells the earlier stages formation bound the 
periphery. About the center the visceral mass the common 
chamber, communicating with the ovarian follicles, narrows 
anteriorly and the short resulting tube, after somewhat twisted 
course, unites (elliptical stippled outline, Pl. I., Fig. with the 
definite gonoduct leading the exterior. This last-named canal 
consists three divisions corresponding the albumen and 
mucous glands and the seminal receptacle other species 
gastropods. The canal from the ovary unites with the albumen 
gland which extends posteriorly pouch considerable size. 
Its walls are relatively thick, and are fashioned into few promi- 
nent folds, consisting relatively slender cells, whose vacuolated 
secretion stains lightly with Delafield’s Slightly 
anterior the oviduct connection, cone-shaped seminal 
receptacle (Pl. I., Fig. attached the albumen secreting 
section. Its epithelial lining developed into large number 
folds between which there are quantities spermatozoa, that 
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likewise occupy the main lumen and even extend small quan- 
tities some distance into the albumen gland. Anterior the 
seminal receptacle the walls the canal change abruptly, be- 
coming thicker and the secretion stains intensely that the 
cell outlines and nuclei become almost completely obliterated. 
This state affairs exists between the seminal receptacle and 
point slightly posterior the external reproductive opening. 
Anterior this region the duct presents the form roughly 
conical sac extending point opposite the foot. The walls 
this pouch are similar the darkly staining ones just described 
save that the secretion more vacuolated and accordingly less 
deeply stained. The duct leading from this mucous secreting, 
main canal the exterior relatively short, thin-walled and 
passes into the furrow the right side the body formed 
the union the visceral mass with the pseudopallium. 

two specimens whose pseudopallium contained fully 500 
embryos the ovary held equal number ova fully de- 
veloped condition. Hence probable that during adult life 
the brood pouch empty for short periods only. 

The genus may defined follows: 

Asterophila new genus. Body globular, 2-20 mm. diameter, 
completely enveloped the pseudopallium. Foot and mantle 
rudimentary. Buccal-pharyngeal tube, with salivary glands, 
opens into combined stomach and digestive gland that otherwise 
not open the exterior. Albumen and mucous 
glands reproductive canal highly developed, and seminal 
receptacle prominent. Parasitic starfish sp., 
Sea Japan. Type genus japonica. 

japonica new species. With characters the genus. 
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EXPLANATION FIGURES. 


Fic. Diagrammatic view Asterophila japonica, left side, with the greater 
portion the pseudopallium removed. albumen gland; cerebral ganglion; 
papilla-like foot; mantle fold; digestive gland liver; mucous gland; 
oy, ovary; buccal tube and pharynx with salivary_glands, buccal ganglia, con- 
nectives and commissures; seminal receptacle under which dotted outline 
duct from ovary; urino-genital opening; visceral ganglion. 

Fic. Diagram anterior surface. e’, openings reproductive and ex- 
cretory systems into pseudopallial space; mantle fold, the depth the mantle 
cavity indicated broken line; heart; kidney; buccal tube; seminal 
receptacle. 
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Fic. Anterior view Asterophila japonica with pseudopallium partially 
removed. 
Fic. Arm starfish containing parasite. 
Fic. Section through pharyngeal tube, showing salivary glands, buccal 
ganglia and surrounding head sinus. 
Fic. through foot and visceral mass; along line I., Fig. 


Fic. Section along line I., Fig. the junction the cesophagus and 
stomach-intestine marked arrow. 


Fic. Section along line Pl. I., Fig. 

Fic. Same along line I., Fig. 

Fic. Diagram illustrating growth pseudopallium 
Fic. Same, Clenosculum 
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CASE YOLK FORMATION NOT CONNECTED 
THE PRODUCTION OVA. 


OSCAR RIDDLE. 


The secretion production true yolk situations other 
than ova the follicular cells which surround ova not 
course long been known exist several groups animals; 
these, however, are evidently the equivalents follicular cells 
ova. therefore some interest record the finding 
true yolk spaces within the connective tissues which lie 
externally the follicular membrane capsules which had 
previously liberated ova. 

These observations were made the ovaries the common 
fowl during the mid-summer season. During July and August 
the present summer the writer had occasion examine the 
ovaries more than one hundred full-grown hens. Among these 
there were least six eight ovaries which showed unmistakably 
the peculiar accumulation and placement yolk which here 
described. 

order sure that one really dealing with 
and formation yolk, and not merely 
with masque its usual source, was necessary determine 
three things concerning the capsules within which the yolk 
question was found: (1) That egg had been surely developed 
and liberated from this capsule. (2) That the space which 
the yolk was found quite separate and removed from the space 
formerly occupied the ovum, and likewise removed from the 
follicular cells which surrounded the ovum. (3) That the ac- 
cumulated substance true yolk. believe that the material 
have examined has enabled satisfactorily determine each 
these points. 

The evidence that the yolk-containing capsules question 
had previously borne and liberated ova rests partially upon the 
finding capsules showing all the intermediate stages between 
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the recently broken capsules and the large, flabby, often asym- 
metrical, yolk-containing ones. Some these latter capsules 
might mistaken for resorbed ova, since they too have closed 
stigma; that is, the slit splitting which occurs the capsule 
the time ovulation, and which allows the escape the ovum, 
later heals together and the cavity the follicle once more 
completely sealed. The chances for such confusion are further 
increased the fact that this central chamber may also oc- 
casionally re-accumulate yolk. 

possible nevertheless favorable material quite 
sure that the stigma has been broken and reunited—a thickened, 
actentuated, and often more less ragged point reunion 
indicating this. Furthermore, series follicles the same 
ovary, showing the most recent ones still broken open, often 
decides the matter once with certainty. The capsule from 
which sample yolk for analysis was taken was one such 
series. this case there were nine yolk-containing capsules 
various stages extra-ovular yolk-production; and addition, 
one other—the newest follicle—plainly recognized its whole 
appearance recently emptied follicle, however, 
showed the once broken lips the stigma now nearly completely 
grown together, but with its inner cavity clean and free from 
yolk the moment ovulation. certain that the fol- 
licles this ovary had liberated ova, and that instead degen- 
erating thereafter these capsules quickly closed the breaches 
formed extruding the ova, and began the production yolk 
their external walls. 

demonstrate that the yolk-filled spaces bulging 
from the sides the capsules have open connection with the 
central cavity the capsule; that say, these spaces are not 
connected with the former seat yolk formation. Several times 
have made slit the scar stigma and, finding the interior 
clean and free from yolk, have tried squeezing the various 
bags yolk lying the external walls the capsule make 
their yolk flow into the central cavity. instance have 
succeeded thus finding any connection whatever between these 
new yolk-containing cavities and the old cavity formerly oc- 
cupied the egg. the contrary, careful dissections 
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these capsules show that the two spaces are always separated bya 
rather thick wall; certainly much thicker than that which 
separates the new yolk space from the exterior. This latter wall, 
fact, usually very thin. consists, however, extremely 
thin connective tissue layer addition the ovarial epithelium. 
careful handling the epithelium can stripped off and the 
thin layer enclosing the yolk space left intact. 

The very external position the yolk spaces—of which there 
may several single capsule—makes evident that 
none the cells the old follicular membrane are engaged 
the production yolk this new and unusual site. The 
production this yolk necessarily accomplished the cells 
which form the external theca—a tissue from the former ovarian 
stroma, which the late growth stages the capsule large 
eggs becomes very thick, firm, essentially connective tissue 
layer enclosing possibly some scattered derivatives the ger- 
minal epithelium—whose cells normally take part yolk 
formation. 

Just what that transforms these non-yolk-producing cells 
into cells actively engaged yolk production, would most 
interesting know. While confessing very complete ignorance 
this cause, seems worth while note that the cells which 
here take new function the time when the 
thing for them degenerate and absorbed. 

this connection should stated that the true follicular 
cells—those which have previously been engaged passing 
the constituents yolk the egg—are apparently the least 
liable any the capsular cells take part any later yolk 
production. Only occasionally group capsules, each 
which may producing yolk one more points externally, 
will one find that the follicular cells have continued—or rather 
have recommenced—to produce yolk. What have observed 
would indicate that these follicle cells never any case become 
active until after yolk production has been initiated the more 
external layers; but this latter point not certain. 

That the yellowish fluid enclosed these yolk spaces true 
yolk indicated its microscopic appearance. The question 
positively and affirmatively answered the chemical analysis 
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asample. 1.605 grams such yolk were collected from 
single one the new yolk spaces; this was not all, but nearly all 
the contents the cavity. order show how closely 
its chemical composition agrees with that other forms true 
yolk, have added the table the numbers resulting from the 
analysis four such samples yolk. Reference the table 
readily shows the essential similarity all these substances; and 
likewise point two notable difference. 


In Per. Cent. of Solids, 


Analysis of : H.O 
Leci- protein, Neutral Total Organic 
thin, Paetein. Fat. Ash. | Extractives. 

Extra-follicular 19.05 6.61 2.65 74.22 

cubated egg............ 19.68 28.87 3.40 2.00 37-13 

Egg yolk, Jungle 19.90 1.30 1.59 48.70 
Contents yolk-sac; days in- 

Resorbed 15.30 35.18 2.08 63.20 


true that have selected for this comparison analyses 
which most closely agree with the analysis the 
yolk. high water content the latter con- 
sequence; analysis yolk from the hen having 
yielded more than 80.0 per cent. this constituent. 

The high ash content, and very low protein content, indi- 
cate however species yolk not all respects like that pro- 
duced the follicular cell and the these two respects 
this yolk stands rather bold extreme long series 
analyses normal yolk. can said therefore that though 
this substance certainly its peculiar origin stamps its 
chemical composition with specificity its own. 

The foregoing recital the facts perhaps hardly sufficient 
uncover once every reader one the points interest 
these findings; any rate point interest the writer. 
refer the fact that all the hitherto known cases 
yolk formation the whole process yolk building and storage 
appears glaringly and profoundly teleological. The ovum pre- 
pares and stores food for embryo that yet form; 
follicular cell passes this rich material only ovum which 
turn accumulates for promised organism that will arise and 
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require the store; ovum and ten thousand follicular cells unite 
prepare and hoard pabulum for organism whose 
father exists yet only prophecy and fortune; 
cell arises distant part, migrates with its supplies and un- 
erringly delivers all the egg—whose prospective accomplish- 
ment only can use require them; or, again, some hydroids, 
several adjacent ova laboriously produce golden store which 
together with their own existence they place sacrificially upon the 
altar posterity—giving all more opulent neighbor, who 
through the combined accumulations many gatherers can the 
more adequately and assuredly provide for the beginning 
individual that be. 

Nor such apparent teleology absent from the very chem- 
ical composition the material that stored. The developing 
organism requires above all else store and source energy, 
and one notes that yolk—the material actually stored—is richer 
lecithin and fat than any other product the body; and 
further that these constituents are the ones which carry far more 
energy per unit weight volume than any others. 

When, however, one turns the sort yolk formation de- 
scribed this paper,—yolk formation which begins subdued 
and atretic follicles, among cells largely ‘‘somatized’’ and doomed 
certain degeneration; when one considers the utter blindness 
involved these ill-conditioned cells plunging into most 
active production excessively rich foods, only cast them 
into the formless spaces these spent capsules, one can realize 
that the process yolk building actually can grotesquely 
absurd and inappropriate has elsewhere seemed replete with 
insistent teleology. 
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